Among those flights, more than two-thirds were in support of preoperative and postoperative resuscitation or surgery patients who had received care at a forward surgical team or combat support hospital. In this article, we give a brief overview of service-specific casualty transport and discuss the training of US Army critical care nurses before and during deployment to prepare them to serve as critical care transport personnel in a combat environment.
Service-Specific Differences in Casualty Transport
The various services in the US military differ distinctively in how they support en route critical care casualty evacuation and in the personnel used to carry out the mission. The US Army primarily uses dedicated medical evacuation vehicles (platforms), which include flight medics, to evacuate casualties 
PRIME POINTS
• Evidence-based practice, training guidance, and lessons learned have resulted in a critical care transport practice within the combat arena that is rarely seen in civilian health care.
• A mortality and morbidity meeting strictly for transport personnel could be useful, especially for programs involved in transport of high-acuity patients.
• Collaboration and effective communication between ground and air personnel who provide support for transport of critically ill patients is essential. ( Figure 1 ). This practice ensures a trauma team approach close to the civilian model of critical care/trauma aero medical transport. The US Navy and US Marines tend to use the closest available mode of transportation (nondedicated; Figure 2) , and an aeromedical evacuation corpsman is not always present on flights. Thus, critical care nurses are often the only medical personnel during transport.
The US Air Force is primarily committed to fixed-wing transport (airplanes) that primarily transport patients out of a theater of deployment, so space and personnel constraints are not as limited as in the other services. For example, an Air Force critical care aeromedical transport team can have as many as 5 team members, ranging from a physician to a respiratory therapist. Most rotary-wing platforms (helicopters) used for aeromedical evacuation by the Army and Navy do not have the available space to accommodate such a large number of personnel. In the future, civilian personnel who provide patient transport may find themselves working closely with similar military personnel. Department of Homeland Security requirements now mandate that civilian and military aeromedical evacuation teams work together and collaborate to ensure a rapid response to any natural or human-made disaster or terrorist attack that the United States may face.
Although a US Army flight medic has clinical training and certifications in Emergency Medical TechnicianBasic, Basic Trauma Life Support, and Advanced Cardiac Life Support, with an emphasis on prehospital care, 1 a flight medic's scope of practice still includes management of critically ill patients who have been resuscitated or have had surgery. The scope and depth of practice necessary to care for such patients or casualties require advanced skills and a trauma team approach, as is the practice in civilian aeromedical transport. Commonly, patients transported by the US Army are receiving vasoactive medications, paralytic agents, sedative infusions, and mechanical ventilation and may require resuscitation.
Although many of these patient transports are only 20 to 30 minutes long, the care provided can be intensive.
Evidence-based practice, training guidance, research, and lessons learned have resulted in a critical care transport practice within the combat arena that is rarely seen in civilian health care. In 2006, the US Army School of Aviation Medicine brought together a 13-member, multidisciplinary Army, Navy, and Air Force committee to develop guidelines for clinically and militarily relevant skill-based core course content that would provide standardization and consistency for safe and effective practice in a combat environment. The course was designated the Joint Enroute Care Course (JECC) and was located at Fort Rucker, Alabama. The primary goal 2 is to train teams of flight medics, nurses, and physicians by using a curriculum based on operational aeromedical lessons learned, best practices, and civilian and military aeromedical standards. Although the ability and capacity to train these transport teams before deployment are increasing, mission-driven circumstances require that the teams develop additional capabilities. Having proven standards and models based on best practices for local onsite training is essential because transport of critical care patients during combat is unpredictable, risk laden, and demanding. Critical care nurses need comprehensive, structured, and in-depth training before they assume the role of a transport nurse, whether that training occurs in the classroom stateside or in a combat environment.
US Army Critical Care Nurses
The US Army has more than 470 active duty critical care nurses, most of whom have successfully completed a rigorous US Army 14-week critical care nursing course. 3 The Army Nurse Corps critical care course is designed to prepare Army nurses to function as competent entry-level critical care staff nurses who can provide care in critical care units or in any clinical setting that meets the environmental nursing standards for critical care nursing. The course focuses on responsibilities, nursing care, teaching role, principles and techniques of staff supervision, and management of patients within both environments of traditional intensive care units in hospitals and those in a combat environment.
An expanded role for US Army critical care nurses in a combat environment is provision of en route care during helicopter transport of a critically injured patient. The skill set required for this role is not sustained when critical care nurses are not deployed, and many times a training program is developed during deployment. 4 
Formal Development of a Course for Use Before Deployment
With an emphasis on enhancing capabilities, the US Army Surgeon General authorized development of a pilot course on en route care to hone training in tactical trauma transport. The course was to include trauma team concepts taught at the Army Trauma Training Center 5 in Miami, Florida, and accepted as best practices in trauma centers throughout the United States. The pilot program developed into the JECC at Fort Rucker, Alabama. The mission of the JECC2 is to provide concise, realistic, relevant, and current training on en route trauma transport to care providers involved in aeromedical operations in rotary-wing platforms to ensure optimal en route patient outcomes. A 14-member board of subject matter experts consisting of flight medics, rotary-wing aviators, and nurses and physicians from the Army, Navy, and Air Force convened to review and validate the course.
The course consists of 10 days of mentally and physically challenging training, with a focus on providing didactic and practical applications of advanced aeromedical and trauma management concepts, effective communications, and roles. These duties are integrated into safe operational performance in a combat environment in a tactical rotary-wing platform. The course objectives are accomplished in a building-block fashion through the training events listed in Table 1 .
The training has been continually validated by student feedback from deployed graduates. In an effort to ensure that the JECC maintains relevant, realistic training that is combat centric, a Web portal for students to provide feedback in a secure environment and to download and access the latest information from the aeromedical and aviation communities has been established. Since its inception in January 2007, the JECC Web site has had more than 15000 visits and 7500 downloads of clinical training modules and best-practice tools. The site also has forums with more than 300 messages from deployed graduates who are conducting the en route care missions. These messages are shared with a multitude of senior leaders, and many of these graduates have provided direct feedback via the portal.
Intratheater Selection of Critical Care Nurses for Transport Missions
Although the number of teams that have attended the JECC before being deployed to a combat theater is increasing, a need will persist to train more teams during deployments. The selection of critical care nurses to fly transport missions is highly individualized to the experience of the nurses assigned to a unit. Because of the actual and potential clinical situations that can arise during a critical care transport, and the demanding clinical expectations in the austere environment, the length and types of critical or emergency care experiences are key factors in developing a pool of transport nurses. Environmental extremes include intense heat that can exceed 49ºC (120ºF), darkness due to turning off all white light because of enemy activity in the area, and evasive helicopter maneuvers when under fire. Such circumstances can tax all faculties of even the most experienced critical care nurse. Nurses chosen for the transport team must have demonstrated sound clinical skills and an ability to act independently. Many times the en route care nurse makes all medical decisions for the patient and at times may even request the aircraft to return, abort the flight, When the pool of experienced intensive care and emergency nurses is extremely limited, training for medical-surgical nurses can be initiated. Training should be conducted by nurses, physicians, and flight medics available who have the most experience in critical care and transport and should focus on more extensive training and familiarization and use of equipment based on acuity. Such training programs will be internal to the deployed hospital and will use the hospital's existing resources.
Additional selection criteria to be met by nurses include previous demonstration of the ability to remain calm and controlled during a crisis and the ability to physically manage the necessary responsibilities, which include heavy lifting and the ability to endure extended periods of possible exposure to heat, kneeling, and vibration. A nurse on a critical care transport still maintains all his or her personal protective equipment during a flight, including body armor, ballistic helmet, eye protection, gloves, hearing protection, and individual weapon.
Intratheater Training of Critical Care Nurses for Transport Missions
Medical units that will be transporting critical care patients should institute local training. The training should consist of completion of the JECC distance learning program, a operations and understanding what resources those personnel use are essential to reduce redundancy.
In addition to the flight medic bag, the en route care provider will have a medical transport bag known as an advanced flight bag. The contents of the advanced flight bag vary according to the types of patients being transported and lessons learned during transport missions. At a minimum, course goals should include operation and troubleshooting of equipment, most specifically, the portable mechanical ventilator that will be used during transport; a review of equipment and skills that team members (medic/provider) provide; familiarity with the components of the advanced flight bag and medications, common and emergent aircraft problems, and emergency airway management while in flight. The flight medic maintains a medical bag (Table 2) . Developing a relationship with the aviation personnel who provide support in the area of Space within a medevac helicopter is at a premium, and items carried must be carefully considered. The need for careful use of space is even more evident when the team must manage 2 critical care patients on a carousel that fits into a helicopter. When the carousel is used, patients face toward the transport team (Figure 3) . Flight nurses must be familiar with the contents of the advanced flight bag, with extra emphasis on airway adjuncts. Many flights are at night in blackout conditions, and the transport nurse must know the flight bag so well that he or she can obtain needed items in the dark. Most bags are broken down into 3 general sections: airway, circulation, and miscellaneous (Table 3) .
During intratheater (deployed) training, a list of the most common and emergent problems that can occur in helicopter transport should be discussed, with a focus on the usual population of patients for that specific area of the combat theater. This part of instruction emphasizes prevention of problems and strategies for intervention. For example, if patients transported from a specific area consist of more than 90% with traumatic brain injury, less than 10% with multitrauma and head injury, and a few who have burns or are adults in stable clinical status receiving mechanical ventilation, ensuring that training includes these clinical conditions and any comorbid conditions is essential.
Having a close relationship with the aviation element (see Glossary) who provide support in the area of operations is essential to integrate a full-spectrum approach to training that will yield the most favorable outcomes. Problems identified by A functional operating room can be established within 1 hour of the time the team arrives and can be broken down to move to a new location within 2 hours after operations cease. Fixed wing: A heavier-than-air craft whose lift is generated not by wing motion relative to the aircraft, but by forward motion through the air. Intratheater transport: Airlift conducted within a theater. Resources and personnel assigned to a geographic area that normally conduct airlifts that provides air movement and delivery of personnel and equipment directly into objective areas. Joint service: A resource, group of personnel, or unified command that incorporates members of multiple branches of the armed forces (Army, Air Force, Navy, Marines). Medic: A trained military person who is responsible for providing first aid and frontline trauma care on the battlefield. Medics have skills either equivalent to or exceeding the Emergency Medical Technician-Basic. Rotary wing: A heavier-than-air flying machine that uses lift generated by wings, called rotor blades, that revolve around a mast. Tactical: Of or relating to tactics: (1) of or relating to small-scale actions serving a larger purpose; (2) made or carried out with only a limited or immediate end in view; (3) adroit in planning or maneuvering to accomplish a purpose.
Lessons Learned Applicable to Civilian Critical Care Transport
Although many lessons learned are specific to combat casualty transport, such as the need for body armor, blackout conditions, and enemy fire during transport, many lessons can easily be applied to civilian transport of critical care patients. Undoubtedly some of these recommendations are already being used in civilian transport. The following are valuable lessons that have enhanced the military's training programs in theater and could also be valuable to civilian programs.
• Have the structure and ability to formally document case studies. Case studies should include all applicable information about the care of the transported patient, including, but not limited to, demographic data; diagnosis; injury type; to-from flight information, particularly, transport time and environmental factors (eg, temperature, time of day); medications; intravenous access; support needs, such as a ventilator; medical personnel; and vital signs. Each transport is unique and has its own challenges. Developing a standard template to document specific cases will enrich the continuing education of personnel in the program and ensure continuity. Certain situations are rare; however, when they occur, they should be viewed as "low frequency/high risk," and as much information as possible should be gleaned from the situation. Examples include the transport of pregnant patients or very young children or obese patients who do not appropriately fit a military stretcher, which much be modified. These case studies should be used during initial training, during continuing education, and for reference. Case studies can be kept electronically on a computer or on paper, and all patient privacy measures should be taken, especially the removal of any identifying information such as names or social security numbers.
• Institute a clear and standard protocol for managing sentinel events that meets the Joint Commission accreditation requirements. Examples are deaths, extubations in flight, equipment malfunction, and/ or severe deterioration in physiological status. Although all parent organizations most likely have a structure for assessing the continuum of care, an internal review process should be developed. The process should be automatic and nonretributional, and the data should be stored in such a way that the information can be retrieved easily in the future.
• Develop a routine mortality and morbidity meeting, or incorporate en route cases into the treatment facilities' existing mortality and morbidity programs. Transport personnel can benefit from mortality and morbidity conferences similar to the way physicians learn from medical outcomes. A mortality and morbidity meeting strictly for transport T he evening has been quiet for the first time in more than 3 weeks. One o'clock passes and you're hopeful that tonight will be a night with no trauma. Then suddenly, the radio bursts to life. A flight medic notifies you that he is inbound to your location with 2 trauma victims; both were in a vehicle attacked by an improvised explosive device. As you and your team quickly move out to the helicopter pad to meet the inbound Black Hawk, you prepare for the worst. One of the young US soldiers has lost a leg and has fragments of metal embedded in the lower part of his abdomen. The other patient has serious burns to more than three-quarters of his body and, more importantly, was ejected from the vehicle and has been in and out of consciousness. You, the flight medic, and the rest of your team head from the helicopter back into the emergency treatment section of your forward surgical team. Both soldiers quickly get a methodic assessment, and intraosseous access is established because both patients have severe hypovolemia and placing peripheral intravenous catheters was taking too long.
The young man with the head injury is quickly evaluated, intubated, and moved to a portable building adjacent to your facility for computed tomography, which reveals marked intracranial hemorrhage in both the frontal and the left temporal regions. The decision is made to rapidly evacuate this patient to another facility where the neurological team is ready and hopefully can resolve his condition surgically. You quickly begin to prepare for the transport by packing up 23.4%, 7.5%, and 3% hypertonic saline, propofol, and other medications that you hope will help maintain an acceptable level of homeostasis for the 45-minute flight. You begin mechanical ventilation with the transport ventilator, set up the portable monitor, and bring backup suction and monitoring equipment and advanced airway management tools and package the tools for movement with access, safety, and organization because these tools are key to delivering the best care in the restricted confines of the rotary-wing aircraft.
Ten minutes roll by and the call comes to move the patient out to the helicopter pad. You quickly give the flight medic a report and prepare to work as part of a team to save the patient's life and get him to more definitive care. The flight medic warns you that enemy activity has occurred along the route you will be flying, and even as you talk and load the helicopter, you are already having to administer propofol as an intravenous bolus and use controlled hyperventilation because the patient has had an increased hypertensive response associated with just the stress of being loaded with the aircraft blades spinning.
Once on board, you and the medic begin a 45-minute roller-coaster ride that truly would test the skill of the most seasoned trauma experts. The patient's Injury Severity Score 6 is 24, and his neurological trauma and full-thickness burns make managing his care unbelievably challenging. Fifteen minutes into the flight, lights flash and you hear a loud blast on the left side of the aircraft. The pilots bank and conduct evasive maneuvers as they release flares to distract the enemy's fire. Your patient experiences an increase in his mean arterial pressure from 85 mm Hg to 115 mm Hg. You administer more propofol, the flight medic uses controlled hyperventilation, and you start injecting 250-mL boluses of 3% hypertonic saline. The pilot notifies the flight medic that because of the enemy contact, the flight route will be adjusted, and for the next hour, in 60ºC (140ºF) heat, wearing more than 45 kg (100 lb) of gear, you and the flight medic give everything you can to bring the wounded soldier to his destination alive. During the flight, 2 more blasts and more evasive maneuvers give you challenge after challenge: blood pressure climbs, blood pressure drops, premature ventricular contractions erupt, and you know the intracranial injury is becoming more and more severe. As you arrive at your destination and off-load your patient and give your report, the young soldier on the litter is quickly moved out of sight and off to surgery. You climb aboard the aircraft, tired, sweating, and somewhat shaken, and prepare for the return flight where another mission awaits. After all, this has been just 1 mission. You have already conducted 10 of these in the past 3 days. The flight medic looks at you, and you look at her, and you both nod; it's a silent, simple message of mutual understanding and respect. easy identification. For example, vecuronium bromide was always put in 10-mL syringes, midazolam in 5-mL syringes, and fentanyl in 3-mL syringes. The syringe sizes are different enough to know by touch.
• Develop a contingency care plan for any possible unusual delay in arrival due to diversion or aircraft malfunction. Although ideally institutions along the route to which the flight can be diverted are identified, a contingency plan of care should be developed in case such an institution is not available and the aircraft must land. This plan is more important in rural areas where treatment facilities are more sparse and in areas where weather is more unpredictable. Although rare, such instances could have disastrous outcomes. Such critical thinking should be incorporated into the initial training.
Summary
The development of a strong critical care transport program within a combat area requires continual emphasis on preparation, knowledge of the patient's condition and history, familiarization with the equipment, other team members' clinical experience, and practice involving the most frequent scenarios in transport care. More importantly, having a mechanism to collect information, manage sentinel events, and incorporate the data into any training program is the hallmark for ensuring optimal patient outcomes.
Collaboration and effective communication between ground and air personnel who provide support for transport of critically ill patients is essential. Harnessing skill sets and building teams have been the cornerstones of the successful implementation of this necessary program by the Department of Defense. Continued development and collaboration between civilian and military transport experts to deliver the highest caliber of en route care will ensure that both foreign and domestic endeavors of the United States are successfully navigated and that more lives are saved. See the Side Bar for a description of a typical transport of a critically ill patient.
Addendum
The Army Medical Department and Army Nurse Corps, in conjunction with Central Command, have supported new initiatives to enhance en route care in the unique tactical environment of Afghanistan. These enhanced capabilities include (1) assignment of dedicated transport critical care nurses to forward surgical teams and other damage control surgical units, (2) creation and assignment of a transport critical care nurse theater program coordinator, and (3) implementation of a MEDEVAC trauma nurse coordinator team to collaborate with theater aviation medical leaders to collect critical data and support process improvement initiatives. Also, all the dedicated transport nurse team members were provided with a complete complement of flight and safety equipment commensurate with that of their aviation colleagues. CCN 
